ABSTRACT
INTRODUCTION
Maternal-fetal transmission of Toxoplasma gondii occurs when tachyzoites present in the maternal circulation reach the placenta and are transmitted to the conceptus [1] . The assumption is that congenital transmission only occurs during primary maternal infection, although there have been reports that it can also happen during the chronic phase of infection [2] [3] [4] or in reinfections [5] . The severity of the congenital infection is inversely proportional to the period of gestation when infection occurs, meaning that infections that occur early in pregnancy may be more severe for the fetus. This damage may include fetal death, hydrocephalus, microcephaly, cerebral calcifications, mental retardation, and retinochoroidal lesions. As infection in the last months of gestation is more common, most cases of congenital toxoplasmosis are asymptomatic at birth. Even these cases, however, need treatment [6] [7] [8] [9] .
To avoid congenital toxoplasmosis and its complications, prevention measures need to be adopted. Primary prevention consists of educational healthcare programs, with the objective of providing pregnant women with guidance on measures to prevent infection [10, 11] . Secondary prevention consists of performing serological screening during the prenatal period with the aim of detecting and treating acute T. gondii infections, so as to avoid fetal infection and reduce the sequelae of congenital toxoplasmosis [6, 12, 13] . Tertiary prevention is carried out on newborns through laboratory and clinical diagnoses, in order to identify and treat neonates with subclinical congenital toxoplasmosis so as to prevent later complications, particularly ocular complications [14] .
The risk of congenital toxoplasmosis is related to the prevalence of the disease in the population and to the number of women of childbearing age who have still not been affected by the disease and are capable of contracting it over the course of a pregnancy [15] . Thus, the importance of primary prevention [16] [17] [18] [19] [20] [21] , early diagnosis and treatment, and case notification, should be emphasized, so as to prevent or attenuate fetal infection [22] . The supply of educational material with information about the prevention of T. gondii infection has been effective in reducing seroconversion rates [23, 24] . Furthermore, effective treatment during pregnancy and early childhood can also contribute towards a favorable outcome in children born to mothers with toxoplasmosis acquired during gestation [25, 26] .
The objectives of the present study were to evaluate the knowledge of healthcare professionals and pregnant women treated in the public healthcare system about toxoplasmosis and its forms of transmission, clinical manifestations, diagnosis, and prevention and to evaluate the knowledge acquired by pregnant women after health education actions.
METHODS
This study was carried out in the state of Rio de Janeiro in Niterói, which is a medium-sized municipality that covers an area of 133,916 km 2 . Its population, according to the 2015 census data from the Brazilian Institute of Geography and Statistics (IBGE: Instituto Brasileiro de Geografia e Estatística), was around 496,696 inhabitants, with an urbanization rate of practically 100%. Niterói presents unequal urban growth, with high-class districts of upper and middleclass social strata coexisting side by side with favelas, where houses have precarious construction standards and low-income populations are concentrated. According to data from the Portal Brasil sem Miséria in April 2016, 2,602 families were considered to be living in extreme poverty.
A cross-sectional study was conducted, addressing healthcare professionals and pregnant women in 19 public health facilities: 17 modules out of a total of 29 of the family doctor program (PMF, Programa Médico de Família); Largo da Batalha Regional Polyclinic (PRLB, Policlínica Regional Largo da Batalha); and Sérgio Arouca Community Polyclinic (PCSA, Policlínica Comunitária Sérgio Arouca). Low-risk prenatal care is provided at PMF, PRLB and PCSA. Each unit has a defined coverage area and a certain number of registered families. If any abnormality is detected during pregnancy, the patients can be referred to another polyclinic where high-risk prenatal care is provided, or to the maternity wards of the Azevedo Lima State Hospital and the Antônio Pedro University Hospital affiliated with the Fluminense Federal University, both located in Niterói.
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Original article Moura FL et al During the first stage of the survey, between April 2013 and January 2016, conducted in the 19 surveyed facilities, participants were selected by convenience sampling. All healthcare professionals and pregnant women seen in the facilities during this period were invited to answer a questionnaire about T. gondii transmission, clinical manifestations and prevention of toxoplasmosis. Healthcare professionals and pregnant women who refused to participate were not included, nor individuals with dementia and with hearing or cognitive disabilities.
All interviews were carried out in the workplaces of the healthcare professionals and in the places where the pregnant women sought medical care. The risk of interviewing the same person twice was eliminated, since the name of the participants was recorded in the questionnaire and in the consent form. Each healthcare professional answered the questionnaire individually in the presence of the researchers. The pregnant women were also interviewed individually while they waited for prenatal consultations and their anonymity was preserved. The researcher read out the questions without giving any response options and noted down the answers. The questionnaires for pregnant women and health professionals were different: questions about the serological diagnosis of toxoplasmosis were asked only to doctors and nurses and questions about professional conduct were addressed to all health professionals.
The second stage of the study consisted of an intervention program and was conducted in two facilities: PRLB and PCSA. These healthcare units were chosen because they had the greatest number of pregnant women. Educational activities regarding health and toxoplasmosis were implemented among the participants of these two centers. The activities included guidance about protozoan diseases, reading and distribution of informative folders, and access to an interactive educational model that was exhibited at these two centers.
The interactive educational model was constructed based on a study by Bolais et al. [27] . It was presented at the Sciences and Arts module of the Bioscience and Health Teaching Specialization Course of the Oswaldo Cruz Institute in September 2010 and was authorized for use and adaptation for the purposes of the present study. The model can be used in the waiting rooms of prenatal outpatient services with the objective of giving guidance on disease prevention. The proposal consisted of a full-size model of a human figure (a pregnant woman in this case) constructed in polyvinyl chloride (PVC). The images and texts were placed on a revolving disc fixed to the interior of the model. When the disc was rotated, informative text was displayed in the form of bullet points with corresponding illustrations. This material was exhibited in the hall near the consultation offices on the days when there were prenatal care consultations at PRLB and PCSA, and the users were free to explore it. There was no interference from the researchers with regard to how the pregnant women manipulated the model. When the consultations were finished, the material was stored and was exhibited again on the next day of prenatal care.
The third stage of the study was conducted about three months after the previous stage only among pregnant women at PRLB and consisted of reapplying the questionnaire, following the same procedure as in the first stage.
Descriptive statistics were used for data analyses and the results were expressed as frequencies and percentages. The associations were analyzed using the Pearson's chi-square test. The results for the multiple logistic regression were expressed as odds ratio (OR) and 95% confidence interval (95%CI). Comparison between data before and after the educational activity among the pregnant women was done through the Wilcoxon test. The results were considered statistically significant when p<0.05. The data were analyzed using the SPSS Statistics 17 software.
RESULTS
A total of 141 healthcare professionals participated in the present study. Of these, 23 were doctors, 22 nurses, 36 nursing technicians, and 60 community health agents. Among the interviewees, 127 (90.1%) reported knowing about toxoplasmosis, while one nursing technician and 13 (9.9%) community health agents reported not knowing about the disease. Of the 141 healthcare professionals, 116 (82.3%) were female and 25 (17.7%) male, with ages ranging between 20 and 64 years. The length of time working in the field of healthcare varied from less than 1 year to more than 10 years. Out of the total number of professionals, 81 (57.4%) reported guiding pregnant women about toxoplasmosis: 41 (29.1%) at the beginning of prenatal care, 23 (16.3%) in all prenatal consultations and 13 (9.2%) only after obtaining the serological test results, 4 (2.8%) in other periods. Twenty-two
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Information obtained through the questionnaire regarding forms of transmission of T. gondii, clinical manifestations, and preventive measures that were reported by the healthcare professionals are described in Table 1 . The doctors and nurses' responses regarding the diagnosis of toxoplasmosis are described in Table 2 . The distribution of pregnant women according to age group, education level, gestational age, number of pregnancies, number of prenatal care appointments, history of abortion, and knowledge about toxoplasmosis is shown in Table 3 . The analysis of exposure to risk factors and knowledge about toxoplasmosis reported in the first stage is described in Table 4 .
During the third stage of the study, 145 pregnant women were interviewed. The results for the comparison of knowledge of the modes of transmission, clinical manifestations, and prevention, as well as the reported exposure to risk factors for toxoplasmosis before and after the educational intervention are described in 
DISCUSSION
In the present study, more than 90% of the healthcare professionals interviewed had in mind a strong relation between transmission of T. gondii and contact with and ingestion of oocytes present in cat feces. However, other modes of transmission, such as ingestion of raw or undercooked meat, and consumption of unwashed vegetables and fruit, were mentioned less frequently. Ingestion of oocytes present in the environment and consumption of meat with bradyzoite cysts are the two most important modes of transmission of T. gondii [28] . Only half of the professionals mentioned transplacental transmission. Another study conducted in Cascavel, state of Paraná, showed that more than 90% of the surveyed doctors and nurses knew that toxoplasmosis could be acquired during the first, second, or third trimester of gestation, and that about half of them knew the risk of congenital transmission increases with gestational trimester [20] . This difference can be probably explained by the fact that there is a greater concern for the continued training of professionals in Paraná. Since 2009, a health surveillance program for gestational and congenital toxoplasmosis, which has health education as one of its pillars, has been developed and implemented in some municipalities. This program revealed significant improvement in the care of pregnant women and children with suspected or confirmed toxoplasmosis [29, 30] . However, toxoplasmosis prevention methods are not homogeneous among public health services and, in Niterói, there were no programs for promoting the update of professionals about congenital toxoplasmosis prevention, which may explain the difference in the results.
Some misconceptions about the modes of transmission were observed among healthcare professionals. Some of them wrongly attributed toxoplasmosis transmission to the consumption of raw and undercooked fish and to contact with pigeon feces and dog feces. However, even though dogs do not eliminate T. gondii oocytes in their feces, they may play an important role in the transmission of this parasite. These animals can transmit oocytes mechanically and, in some parts of the world, dog meat is used for human consumption [31] .
In a study carried out among doctors and nurses in Juiz de Fora, state of Minas Gerais, almost all of the healthcare professionals recognized cats as animals that eliminate oocytes in their feces, but only half also reported that dogs eliminate oocytes [16] . Another study carried out among healthcare professionals in Maringá, state of Paraná, demonstrated that most professionals did not know which evolutionary forms of T. gondii could infect human beings [17] .
The most widely mentioned clinical manifestations in the present study were visual alterations and problems with the fetus. Almost half of the surveyed healthcare professionals recognized that the infection can be asymptomatic, while in a study conducted in the Juiz de Fora, state of Minas Gerais, 74% of the professionals knew that toxoplasmosis could occur without symptoms [16] .
Regarding knowledge of preventive measures, washing hands before handling food and after handling soil or litter boxes, and recognizing the need for medical assistance and treatment when a pregnant woman becomes infected were mentioned by all participants. Other possible prevention measures were mentioned less often, which was expected considering the low level of knowledge among healthcare professionals about modes of transmission of T. gondii. These data indicate a possible flaw in the academic training of these professionals, who were shown in the present study to be lacking in knowledge about T. gondii infection. This is a cause for concern, since these professionals must be able to give information to pregnant women. Healthcare professionals need to know the habits of their patients to be able to guide them on preventive measures.
Another alarming factor observed in the present study is related to the knowledge of the diagnosis of toxoplasmosis among both doctors and nurses. Many of the professionals did not know how to interpret serological test results, which could lead to errors in conduct and could compromise the health of mother and fetus. Only about one fifth of the professionals knew that a low IgG avidity could aid in the confirmation of the acute phase of the infection and 66.7% knew that anti-T. gondii IgM antibodies indicate a recent infection. In another study conducted in the state of Paraná, physicians and nurses also had difficulty interpreting and recognizing the importance of the IgG avidity test [20] . Studies conducted in other Brazilian states with healthcare professionals who work with prenatal care have already signaled the need to train them in this subject [16, 17, 20] . The role of healthcare professionals, particularly those working in prenatal outpatient services, is the most efficient for educational purposes. However, lack of time and/or interest in healthcare promotion activities and low quality of educational materials have a negative effect on the educational programs of healthcare units [23] .
A previous study was conducted with 405 pregnant women about the factors associated with knowledge about toxoplasmosis, and the proportion of pregnant women with toxoplasmosis-related knowledge increased with age, educational level and the number of pregnancies. History of abortion was also associated with toxoplasmosis-related knowledge [32] . The same result was observed for 500 pregnant women.
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Original article Moura FL et al. -Congenital toxoplasmosis When comparing the knowledge of pregnant women with exposure to risk factors reported in the first stage, we observed that the percentage of pregnant women who consumed raw or undercooked meat, raw or undercooked embedded meat, unpasteurized milk, and unfiltered water from a public supply was higher among women who reported knowing nothing about toxoplasmosis, but there was no statistically significant association, except for drinking unfiltered water. Surprisingly, contact with the soil without gloves was significantly associated with pregnant women who reported knowledge about toxoplasmosis. This can be explained by the fact that the question that was asked was whether they knew about toxoplasmosis and not whether they knew that the parasite can be transmitted by contact with the soil without gloves.
After the educational activities, knowledge about the modes of transmission of T. gondii and preventive measures showed a statistically significant improvement. The surveyed pregnant women began to identify serious problems related to their babies and abortion as important clinical manifestations of toxoplasmosis. There was some improvement in the knowledge about vertical transmission of T. gondii, about the importance of serological tests for the diagnosis of toxoplasmosis, and about the need to treat toxoplasmosis. Nevertheless, although there was some significant improvement in knowledge, after the educational intervention many pregnant women still had doubts or misconceptions about infection.
Regarding exposure to risk factors after the educational program, contact with soil without wearing gloves and consumption of unfiltered water had a statistically significant decrease. However, most pregnant women did not demonstrate a change in their habits even in relation to those factors about which they reported having acquired knowledge. These findings demonstrate that continuity in healthcare education and guidance are necessary for changes in habits. In the present study, the educational intervention was done only once and showed a positive effect on knowledge. If this intervention had been repeated during pregnancy, more cases of T. gondii transmission to the conceptus could probably have been prevented. The effectiveness of a program that involves changes in lifestyle is associated with the widespread and repeated information about risk factors as well as with the participation of all health professionals and patients.
Studies of pregnant women in Europe have demonstrated the positive effect of knowledge about exposure to risk factors and primary prevention of toxoplasmosis. However, the authors of those studies identified that the effect of educational materials depends on the intellectual level of the population and on individual motivation to learn more about how to adopt a healthier lifestyle, especially during pregnancy [23, 24] .
A classic study on primary prevention of congenital toxoplasmosis revealed a 63% decrease in seroconversion rate during pregnancy after application of hygiene measures following an intensive educational program [33] . Unfortunately, in some (or probably most) Brazilian municipalities, this practice is not given proper consideration, such as in Maringá, state of Paraná, where only 16.2% of the pregnant women received guidance on prevention of toxoplasmosis [17] , and in Juiz de Fora, state of Minas Gerais, where a study among doctors and nurses revealed several errors regarding toxoplasmosis prevention and diagnosis [16] .
Further studies are still necessary to confirm the efficiency of this type of intervention, as highlighted in a review article on education regarding congenital toxoplasmosis during the prenatal period, which included two cluster randomized controlled trials conducted in France and Canada, totaling 5,455 pregnant women. The authors of that review concluded that despite evidence from observational studies, the efficiency of primary prevention of toxoplasmosis has not yet been thoroughly evaluated. Even so, educational intervention aimed at primary prevention of toxoplasmosis is desirable, taking into account the absence of risks and its potential benefits [34] .
Lack of knowledge about toxoplasmosis by most of the interviewed pregnant women, along with the misconceptions observed among healthcare professionals, leads to the conclusion that little importance has been given so far to primary prevention of toxoplasmosis during the prenatal period. In addition, inadequate knowledge by health professionals could even be detrimental to secondary prevention, i.e., the early detection and treatment of toxoplasmosis during pregnancy. In this study, the educational intervention contributed to improving knowledge about the transmission and prevention of toxoplasmosis by pregnant women and, to a lesser extent, to reducing exposure to some risk factors.
Considering the number of women who are currently susceptible to T. gondii infection over the course of pregnancy and who could vertically transmit the parasite to their conceptus, primary prevention is a desirable public healthcare measure that should be implemented in this population. Moreover, it is important that healthcare professionals obtain proper qualification in toxoplasmosis, with special emphasis
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